Effects of HNO 3 and H 3 PO 4 on ion exchange of natural zeolite in a new-simple process, which is a twostep process using calcined hydrotalcite and natural zeolite, for making agricultural cultivation solution were examined. The anion-reduced solution obtained by the treatment of seawater with calcined hydrotalcite (CHT-solution) was neutralized with phosphoric (CHT-solution-H 3 PO 4 ) or nitric acids (CHT-solution-HNO 3 ), and each four solutions (seawater, CHT-solution, CHT-solution-H 3 PO 4 and CHT-solution-HNO 3 ) was treated with natural zeolite to compare the ion exchange behaviors among these solutions. The pH of the all solutions can be neutralized to 5.5 by zeolite treatment, and the Na + content can be removed from the all solution. The tendencies of Na + removal in all solutions are almost same, and percentages of Na + removal from all solutions are above 95% over 8 times zeolite treatment. The amounts of supplies for K + , Mg 2+ and Ca 2+ to the CHT-solution-HNO 3 is higher than those of other solutions up to 6 times treatment. While almost PO 4
Introduction
In the 21st century, the problem of energy and environmental conditions become more serious. The food crisis is one of the big problems that should be solved. Securing the agricultural water is one of the most important factors in the food production. However, the region with the shortage of agricultural water is increasing according to the environmental problems such as desertification and the global warming. One of the ways to supply for water resource is seawater desalination. In desalination technologies, multi-stage flash (MSF) or reverse osmosis membrane method (RO), is famous all around the world [1] . In these desalination technologies, almost ions contained in seawater are removed, and make the fresh water high quality for domestic or industry. However, the water made by MSF or RO is expensive for agriculture. Seawater contains the essential elements needed for plant growth, but its high concentration of NaCl causes salt damage that precludes its direct use. Therefore, it would be possible to produce the irrigation water from seawater by reducing the NaCl using a simple-process.
In an earlier study, we suggested a simple method to reduce NaCl concentrations in seawater using calcined hydrotalcite-like compounds and natural zeolite; radish sprouts were grown in the resulting solution [2] [3] [4] [5] . This method is two-step process using a calcined hydrotalcite-like compound (CHT) in 1st-step and a natural zeolite in 2nd-step. In the 1-st step, Clin seawater could be reduced by CHT to produce anion-reduced solution with high pH, which cannot cultivate plants, and then in the 2nd-step, treatment of natural zeolite can reduce Na + content and can neutralize pH of the solution, simultaneously, to produce the solution with the ability to grow radish sprout. Therefore, this process has possibility to supply the water to irrigation. PO 4 3and NO 3 ions were the nutrients for crops, but these concentrations in seawater are minor. The average concentrations of PO 4 3and NO 3 in seawater are 62 μg/L and 420 μg/L, respectively [6] . As for the water used as agricultural water, it is desirable for the crop to contain these elements for cultivation. It would be possible to produce the solution with PO 4 3and NO 3 by the improved procedure that the anion-reduced solution was neutralized with phosphoric or nitric acids, and then treated with natural zeolite to reduce Na + content. This has advantage for the supply of nutrients to the cultivation solution. However, little information can be available on the effect of phosphoric and nitric acids on the ion exchange with natural zeolite in anion-reduced solution.
In this study, the pH of the anion-reduced solution with phosphoric and nitric acids was neutralized, and the effect of phosphoric and nitric acids on the ion exchange with natural zeolite was investigated.
Experimental
Seawater was collected from the surface layer in Imari Bay, which is the same as previous paper [2] , and the hydrotalcite used in anion removal was prepared by the method of Wajima et al.
Int. J. Soc. Mater. Eng. Resour. Vol.20, No.1, (Apr. 2014) [7] . Calcined hydrotalcite was produced by heating the prepared hydrotalcite at 500℃ for 3 h in an electric furnace. To remove Cl -, 10 g of calcined hydrotalcite was added to 100 mL of seawater, and stirred for 24 h with a magnetic stirrer. After stirring, this solution was filtered to obtain anion-reduced solution (CHT-solution) with high pH because calcined hydrotalcite has the characteristics of fixing anions and releasing OH - [8] . Then, pH of anion-reduced solution was adjusted to neutral by 0. Commercially available Iizaka natural zeolite (Nitto), the main component of which is mordenite, was used in cation exchange to remove Na + content in the solution. Amounts of exchangeable cations and cation exchange capacity of natural zeolite, which was measured by the modified Schöerrenberg's method [9] , are shown in Table 2 . The main exchangeable cations in zeolite are Na + and Ca 2+ , which means that Ca 2+ can supply to the solution by ion exchange with cations in the solution. 10 g of natural zeolite was added to 100 mL of the solutions (seawater, CHT-solution, CHTsolution-H 3 PO 4 and CHT-solution-HNO 3 ), and stirred for 1 h with a magnetic stirrer. After stirring, the slurry was filtered, and then 10 g of fresh natural zeolite was added to the filtrate. This procedure is repeated 10 times, and pH of the filtrate on each step was measured by pH meter. A part of the filtrate on each step was collected to measure elements concentrations. The concentration of Na + in the filtrate was analyzed by ICP-AES (ICPS-7500, Shimadzu), and those of K + , Mg 2+ , Ca 2+ , PO 4 3and NO 3 were investigated with an ion chromatograph (DX-120, Japan Dionex). The chemical species of phosphate ion depends on pH of the solution, and H 2 PO 4 -(pH 2-7) is occupied in pH region of this study. Therefore, pH of the solution was adjusted to high alkali to be detected as PO 4 3-, and total P ion content in the solution are represented as PO 4
3-
concentration It is noted that the amount of all solutions after 10 times zeolite treatment are approximately 100 mL, which means the volume is unchanged after the treatment.
Result and discussion Figure 1 shows the pH of the solution as a function of number of zeolite treatment. In the case of CHT-solution, the initial pH of the filtrate was about 12. With increasing the number of zeolite treatment, pH of the solution decreased to neutral, and became a constant at pH 5.5 after 6 times treatment. In the case of other solutions, the initial pH was 6-7, and reduces to almost pH 5.5 after 4 times zeolite treatments. Therefore, regardless of types of solutions, natural zeolite treatment can make the pH of the solution to 5.5, which is feasible pH for agricultural cultivation solution.
These results are good accordance with the results of previous paper [10] , which means that the Na + exchanged with H + on the surface of zeolite to decrease the pH of the solution. Figure 2 shows the change of the Na + removal ratio as a function of number of zeolite treatment. In all cases, the tendency was almost same, and almost Na + (over 95%) can be removed from the solution after 8 times treatments. The order of effective Na + removal is CHT-solution ≒ CHT-solution-H 3 PO 4 > CHT-solution-HNO 3 > Seawater. Figure 3 shows the change of amounts of (a) K + , (b) Mg 2+ and (c) Ca 2+ in the solution as a function of number of zeolite treatment. K + , Mg 2+ and Ca 2+ can be supplied to three CHTsolutions, and the amounts of these ions increase in three CHTsolutions. While the increase tendency of all solutions was almost similar, the amount of the supply to the solution neutralized with nitric acid is higher than those of other solutions. In the case of K + , increase tendencies and amounts of K + in all solutions are almost same, due to the supply from natural zeolite by ion exchange reaction. In the case of Mg 2+ , Mg 2+ contents in three CHT-solutions increase, but that in seawater decreases because seawater is high Mg 2+ content to be taken in natural zeolite by ion exchange. This Mg 2+ capture by ion exchange of natural zeolite would causes low Na + reduction in seawater by natural zeolite treatment. The order of Mg 2+ increase in three CHT-solutions are CHT-solution-HNO 3 > CHT-solution = CHT-solution-H 3 PO 4 . In the case of Ca 2+ , Ca 2+ contents in all solutions increase to 6 times treatment, ant then gradually decrease. The order for the amounts of Ca 2+ in the solution are seawater = CHT-solution-HNO 3 > CHT-solution = CHT-solution-H 3 PO 4 . Therefore, seawater and CHT-solution-HNO 3 are higher contents of nutrients, K + , Mg 2+ and Ca 2+ than other solutions. Figure 4 shows the change of PO 4 3- 
Conclusion
In this study, we neutralized the pH of the anion-reduced solution with phosphoric and nitric acids, which were the nutrients for crops, and investigated the effect of phosphoric and nitric acids on the ion exchange with natural zeolite. When the pH of the solution is neutralized with PO 4 3and NO 3 -, there are no differences for the amount of the solutions, pH of the solution, and the Na + removal ratio. The amounts of supplies for K + , Mg 2+ and Ca 2+ to the solution neutralized with nitric acid is higher than those of other solutions to 6 times treatment. When Na + can be removed over 6 times treatment with natural zeolite, PO 4 3was removed, and NO 3 was remained in the solution. Therefore, nitric acid is better for neutralizer than phosphoric acid in making agricultural cultivation solution.
